1. INTRODUCTION toward elliptical galaxies (Negroponte & White 1983 ; Barnes 1988 Barnes , 1992 Hernquist 1992 Hernquist , 1993a . They may also The business of simulating interactions between galaxies trigger starbursts or nuclear activity when gas is driven to originated with Holmberg (1941 \) , who found that a close the remnant's center as the progenitors coalesce (Mihos & encounter could raise impressive and observable tidal dis Hernquist 1994a; Barnes & Hernquist 1995). tortions and even thermalize enough orbital energy to result Less spectacular but more common, mergers in which a in capture. Although he was studying the clustering of gal disk galaxy accretes a smaller object (U minor mergers") axies, this work came long before the recognition of large have analogous effects, namely, the stirring up of disks and scale structure, and it was revisited only rarely (e.g., by the generation of peculiar features (Quinn & Goodman Pfleiderer & Siedentopf 1961; Pfleiderer 1963) because of 1986; Quinn, Hernquist, & Fullagar 1993), bulge building (a the cherished view of galaxies as "island universes" that smaller step along the Hubble sequence toward Sa/SO rarely interact. However, a number of observed galaxies [Schweizer 1990]) , and enhanced star formation or nuclear show signs of interaction (Arp 1966) , and the subject was activity (Hernquist 1989; Mihos & Hernquist 1994b) . Spe reintroduced around 1970, particularly by Toomre & cifically, the early stages of such interactions (or even Toomre (1972) , who successfully modeled several peculiar grazing encounters) can induce spiral arms, bars, warps, or galaxies with collisions. The expected frequency ofen co un .. bridges," and full merging can thicken and dynamically ters grew with the belief that galaxies are embedded in heat disks. The tidal stripping of a satellite can produce extensive, massive, dark halos that increase cross sections features such as long tails or counterstreaming groups, and for major collisions and enable the orbits of satellite gal its accretion introduces a new stellar population into the axies to decay by dynamical friction (Tremaine 1981). Now, disk. A galactic bulge may be formed or enlarged by any more than 50 years after Holmberg's illuminating efforts, combination of (1) the satellite's core surviving to the center the prevalence of the hierarchical clustering picture for the of the disk, (2) gas being driven to the center and converted formation and evolution of structure makes the study of to stars, or (3) disk stars being stirred up out of the disk galaxy interactions a very active field, and a wide range of plane. Combine this bulge building with the smoothing of phenomena are thought to be linked to one variety of disk features that results from the increased velocity disper galaxy interaction or another.
sion and the primary galaxy looks more like an SO than it Major mergers between spirals of comparable mass have did before. For a summary of these ideas, see the review received the most attention. The intermediate stages of such by Barnes & Hernquist (1992) or anyone of a number of collisions explain some of the most spectacular objects conference proceedings (that of Wielen [1990] is observed, reproducing their messy profiles and extended comprehensive). tidal tails. Because the stellar component of the remnant Those classic, messy objects that spark observational relaxes toward a de Vaucouleurs profile, such mergers interest in major mergers have been known for decades. appear to drive evolution along the Hubble sequence Interest in minor mergers has mostly developed more recently, because the subtler features attract less attention .. 5 ), altitude vs. radius, and altitude vs. time. Our satellite completes fewer than two orbits before intersecting the solar circle, and our merger is all over by t = 1 Gyr. Note in particular that the satellite settles into a low-inclination orbit while it is still at a large radius. (For comparison, the dolled lines in the lower right panel show the initial inclination, t = 30'.) the structure at -1.2 Gyr (which allows -200 Myr for things to settle after the satellite reaches the center), and the dashed lines show the structure of the coeval isolated galaxy. The entire disk thickens with respect to the isolated galaxy but much more so at large radii where the satellite still had significant vertical motion: more than 200% thickening is seen beyond R -15 kpc, as opposed to -50% at R ~ 5 kpc and only -10% at the center. In contrast, the disk thickens much more uniformly in the coplanar encoun ter but only by -20%, or 100 pc. The velocity dispersions in Figure 9 increase at least 10 km s -1 at all radii. At the center, UR increases by 50 km S-1 and U% increases by 30 km s -1, which is interesting because the central thickness is essentially unchanged. This reflects the increased depth of the central potential due to the satellite core (see § 3.3). Note that the solid lines in Figure 9 are more extended than the dashed: the disk spreads radially . as well as vertically, storing much of the energy it gains as potential energy.
The evolution of these quantities at the solar circle (8.0 kpc) is shown in Figure 10 . Recall that these quantities are azimuthally averaged and that the disk is not axisymmetric at intermediate times: the numbers calculated for these times should not be trusted absolutely. However, trends in the disk's behavior are more reliable. The figure shows that the satellite's effect is felt in the radial dispersion first and in the other quantities only when the satellite reaches the solar circle. This pattern occurs in all the simulations and so should be robust. The increase in the radial dispersion is due to azimuthal averaging when there is radial streaming in the bar. It is thus not surprising that u" increases early because the bar develops before the satellite reaches the solar circle. The asymmetric drift also responds to the passage of the satellite but settles back to ~18 km s -1 so that, within the noise, it has hardly changed at all. The other quantities settle but not to their original values. In the end, the disk thickens by ~60%. The radial dispersion goes from -35 to -48 km s -I, the azimuthal from -32 to ~42, and the vertical from 28 to 38. Compare these final values with those fiom the isolated disk: around t ~ 1.2 Gyr, it has actually shrunk -3%, heated to (38, 34, 30) km s -1, and has an asymmetric drift of 16 km S-I . The net heating attribut able to the action of the satellite is thus (10, 8, 8 ) km s -1.
The satellite acts to heat and thicken the disk by scat tering disk particles. Because the satellite is concentrated and moving, disk particles on close trajectories can encoun ter slightly different parts of the satellite potential and can be deflected in slightly different directions. This creates a greater variety of local trajectories, i.e., the velocity disper sion increases. So, while the satellite's energy is absorbed into the potential energy of the disk (and the stripped satel lite material), the heating and thickening of the disk occur more by pure scattering, the conversion of disk orbital energy to disk thermal energy. Figure 10 supports this view by indicating that heating and thickening of the disk at the solar radius occur as the satellite passes through that radius and are thus essentially local processes.
Satellite Remnant
It is apparent from the integrated mass distribution and surface density of the satellite remnant (Fig. 11) the retrograde case, then a mass loss estimator that does not distinguish these cases is all but useless. Since it takes into account neither the angular momentum of the objects nor the timescale of interaction, the density criterion does not capture the physics involved and is misapplied in this problem. Given that a satellite's mass loss determines its potency for scattering disk particles, any study relying on simple analytic estimates of the mass loss must be inter preted very carefully, As for the material that is stripped from the satellite, it is distributed in a thickened, flared disk, similar to the final distribution of disk material but thicker. Because of its low surface density, this material would not stand out in an external galaxy; only the core, visible as a central brightness enhancement or small bulge (the peak in the dotted curve in the second panel of Fig, 11 ), would be conspicuous, We note here that Hickson 87a, a galaxy whose luminosity structure matches our model quite closely, has such a peak (Mihos et al. 1995) . Figure 12 shows the structure of the satellite remnant and disk combined, along with the disk and satel lite separately for comparison. Here again the core stands out as a distinct component. Otherwise, the satellite remnant is structurally and kinematically like a thick, flared, hot disk. There is little difference between the disk structure and the combined structure (except at very large radii) because the surface density of the remnant is just too small. Near the solar circle, the satellite remnant is some what thicker and hotter than the disk material, but it does not lag in its rotation (within the noise).
Since the satellite material does not alter the combined structure much, especially at R 0 , it is not clear that it could be distinguished without a spectral signature (e.g., the blue, metal-poor population discussed by Preston et al. 1994) . At intermediate stages in an accretion event, however, a satel lite would be more noticeable (e.g" the Sagittarius dwarf galaxy [Ibata et al. 1994] ), and streams and moving groups can persist for more than 1 Gyr (Johnston, Spergel, & Hern quist 1995) . Of course, the counterstreaming material left by a retrograde encounter would be easily distinguished, as would something resembling the counterrotating cores studied by Balcells & Quinn (1990) .
4, DISCUSSION

Is OUT Puffed up Disk a" Thick Disk"?
The Milky Way's thick disk is observed to be about twice as thick as our model's at the solar circle. Morrison (1993) quotes for the (metal-strong) thick disk a scale height of ~1 kpc, (1, ~ 40 km s -1, and an asymmetric drift of '" 30 km s -t. The velocity ellipsoid is observed to be ((1R' (1</> , (1,) = (63 ± 7, 42 ± 4, 38 ± 4) km s -1 by Beers & Sommer Larsen (1995). Our simulated disk has a smaller asymmetric drift, although a more eccentric satellite orbit might induce more lag. Its dispersions are (48, 42, 38) km s -1, plus or minus a few kilometers per second, a bit cool radially but otherwise in good agreement. It is important not to overin terpret this comparison, however. The exact values we obtain depend sensitively on the choice of scaling (Table 1 
